PURPOSE. The Idiopathic Intracranial Hypertension Treatment Trial (IIHTT) showed that acetazolamide provided a modest, significant improvement in mean deviation (MD). Here, we further analyze visual field changes over the 6-month study period.
T he Idiopathic Intracranial Hypertension Treatment Trial (IIHTT) is a multicenter randomized, double-blind, placebocontrolled study that evaluated the efficacy of a weight reduction and low-sodium diet plus acetazolamide versus the diet plus placebo in reducing or reversing visual field loss in subjects with mild visual loss. We found the acetazolamide group had significantly improved perimetric mean deviation (MD), papilledema grade, quality of life measures, and cerebrospinal fluid (CSF) pressure. 1 It is well known that visual field defects in idiopathic intracranial hypertension (IIH) can be improved with treatment 2 and can be due to a variety of mechanisms. The main mechanism is thought to be CSF pressure-related disruption of axonal transport 3, 4 leading to intraneuronal optic nerve ischemia at the level of the optic nerve head. Another common mechanism is enlargement of the blind spot; this type of visual loss, mostly from peripapillary hyperopia, is refractive in origin. 5 Less common causes of visual loss are fluid tracking from the optic disc to the fovea (neurosensory detachment) and the refractive visual loss related to choroidal folds. 6 A study of patients with highly asymmetric papilledema has suggested a model of visual loss in IIH characterized by a generalized depression of the visual field. 7, 8 The model predicts visual loss greater in magnitude with increasing visual field eccentricity. This and another study concluded that the amount of visual loss correlates with the severity of optic disc edemaeyes with more optic disc edema generally had more visual loss. 7, 8 This relationship between degree of papilledema and visual loss suggests that visual loss in IIH occurs due to papilledema and not from a retrolaminar mechanism.
Our main outcome measure for the IIHTT was the change in the average perimetric MD from baseline to 6 months. We chose this measure because of evidence that visual loss in IIH occurs across the visual field and increases with eccentricity. Here we report additional visual field outcomes at 6 months in the IIHTT. 
METHODS

Subject and Visual Field Examination Eligibility
A total of 165 subjects aged between 18 and 60 years who met the modified Dandy criteria for IIH were randomized if they had bilateral optic disc swelling, elevated intracranial pressure, and reproducible mild visual field loss with an average perimetric MD of À2 to À7 dB in the study (worst) eye; other minor eligibility criteria can be found in other publications. 1, 9 A data and safety monitoring committee monitored the ethical conduct of the study and the accumulated data for evidence of adverse treatment effects. The research adhered to the tenets of the Declaration of Helsinki.
To meet visual field eligibility criteria, subjects completed two screening visual field examinations at least 30 minutes apart using the SITA Standard 24-2 test pattern on the Humphrey Field Analyzer (HFA) II perimeter (model 750), with at least one set of screening examinations performed after the lumbar puncture. Both eyes were tested and the eye with the most negative MD (greater visual field loss) was designated as the study eye. The two sets of visual fields were averaged to obtain the mean baseline MD for each of the study and nonstudy eyes. The examinations were required to have adequate gaze tracking, meet IIHTT reliability criteria of <15% false positives and <33% fixation losses, and demonstrate reproducible visual loss on both sets of examinations at baseline and 6 months. Follow-up examinations were obtained at 1, 2, 3, 4.5, 6, 9 , and 12 months and at yearly visits; only data from the first 6 months (double-blind treatment period) are reported here.
We used the MD on the HFA as a global measure of visual function and as the primary measure of outcome in the IIHTT. We chose MD because of its more stable retest variability compared to individual or groups of test locations and its sensitivity to global, clinically meaningful changes in IIH. 1, 9 Pointwise Linear Regression (PLR)
Data from the HFA were converted using Peridata (PeriData.-Net; PeriData Software GmbH, Hürth, Germany) and uploaded into a spreadsheet program (Excel; Microsoft Corp., Redmond, WA, USA). For each of the 121 subjects completing the 6-month visit and having baseline, and those completing the 6-month visit and having at least two other visual field examinations, a linear regression analysis was performed with the dB measurement as the outcome variable and time as the independent variable. Results of the two baseline and two final visits were averaged for this analysis. This was done for each subject and each of the 52 non-blind spot test locations. For each test location, the results were summarized as the percentage of subjects with a positive slope and the treatment groups were compared with respect to these percentages using chi-square tests. There were 7 subjects in the IIHTT that were deemed treatment failures. 1, 10 These subjects did not have a sufficient number of visual field examinations for PLR so they are not included in the PLR analysis.
Initial Versus Final Pointwise Outcome in dB
At each location of the visual field, we compared the mean change in dB from baseline to month 6 between the acetazolamide and placebo groups using two-sample t-tests. Values from the seven treatment failure patients are included (the results from the time of treatment failure are carried forward to the 6-month time point). The comparisons were also carried out at various eccentricity zones of the visual field ( Supplementary Fig. S1 ) by taking the MD across the individual points within each zone. The zones were defined by their Euclidian distance from the optic nerve.
Visual Field Abnormality Classification
For classification, we have refined the methodology from previous UC Davis Visual Field Reading Center (VFRC) studies. [11] [12] [13] [14] The classification system of the IIHTT contained six categories (enlarged blind spot, generalized depression, arcuate nerve fiber bundle, neurologic-like/other, central and normal). The categories were subdivided into more specific classes as shown in Table 1 . The visual field abnormalities from 125 subjects who completed visual field examinations at both baseline and 6 months were classified into these six categories and specific classes as well as judged by three VFRC readers to be either improved, worse, or the same at the 6-month visit relative to baseline (reasons for failure to complete the 6-month double-blind treatment phase are found in the primary IIHTT article 1 ). The distribution of the consensus rating of visual field change was compared between the acetazolamide and placebo groups using a v 2 test. The analyses were repeated including the seven subjects who met criteria for treatment failure prior to month 6, with the visual field change classified as ''worse.'' An abnormal perimetry exam in the IIHTT was defined as meeting any of the following criteria (with the exception of an enlarged blind spot): (1) a glaucoma hemifield test (GHT) outside of normal limits; (2) pattern standard deviation value (PSD) P < 5%; (3) a single point worse than the 0.5% pointwise probability level on the total and/or pattern deviation probability plots; (4) two clustered points beyond normal limits (P < 5%) in a clinically suspicious area, and at least one point worse than the 1% level on the total and/or pattern deviation Plot (a cluster is defined as two or more horizontally or vertically-not diagonally-contiguous abnormal points with P < 5%); (5) two or more points beyond normal limits (P < 5%) in and/or around the peripapillary zone; (6) three or more clustered points worse than the 5% level on the total and/or pattern deviation plot and a pattern of loss consistent with ocular pathology. The predominant pattern of loss was used to determine the abnormality classification defined in Table 1 . For a hemifield to be classified as normal, it had to not meet any of the above criteria for hemifield abnormality. 
Classification Procedures
The procedures for hemifield classification were as follows: The superior and inferior hemifields of visual field examinations for the two examinations at baseline and the two examinations at 6 months were evaluated separately and, in general, the pattern on the deviation plot (''total'' or ''pattern'') showing the greater number of abnormal points was used to determine the appropriate classification for a hemifield abnormality. However, the other deviation plot, as well as the gray scale, was evaluated to confirm the appropriateness of the classification. Abnormal test locations that were extraneous to the salient pattern were considered less important for the determination of the hemifield classification. Thus, the most predominant pattern was classified. Baseline and month 6 visual field examinations were evaluated in this report, which included 1511 of 1982 hemifields that met the IIHTT criteria for abnormality. Since the readers were masked to the subject's optic disc characteristics and randomized treatment assignment, the classification of the visual field deficit is strictly based on the pattern of abnormality.
Three readers (CAJ, KEC, JLK) reviewed 500 visual field examinations (1000 hemifields) at baseline and 491 (982 hemifields) at 6 months from 125 subjects who performed the two exams at baseline and the two exams at 6 months and classified the superior and inferior hemifields separately as to the presence of an abnormality that met the secondary criteria (Supplementary Table S1 ). Four subjects did not perform their second set of 6-month visual field examinations and one subject did not perform the right eye examination at month 6, thus a total of 9 examinations (18 hemifields) were not included in the analyses. Mean threshold change in dB from baseline to 6 months at each test location within each treatment group, with positive values indicating improvement with the treatment failure subjects included. Note that the greatest changes occurred in the periphery and around the blind spot but improvement occurred across the visual field. Green: 2 dB or more improvement. Yellow: 1-2 dB improvement. Red: less than 1 dB improvement.
Reader Agreement
Agreement among the readers was summarized at both baseline and month 6 according to the percentage of hemifields for which none, two, or all three readers agreed on the 13 specific hemifield classifications. If at least two readers agreed with a hemifield classification, the majority classification was accepted (2 out of 3 readers in agreement). If all three readers disagreed, then the visual fields were adjudicated by group consensus to reach a final classification of the hemifield. A logistic regression model was used to examine factors associated with the presence of a normal hemifield using the first examination at each time point. The model included terms for time (baseline, month 6), hemifield (superior, inferior), and eye (study eye, nonstudy eye); model parameters and standard errors were estimated using generalized estimating equations to account for the dependence among the eight observations for each person (2 time points 3 2 hemifields 3 2 eyes). These analyses used the results of the first of the two perimetry examinations at each time point.
RESULTS
Visual sensitivity improved across the visual field in the acetazolamide group over the 6-month intervention period with the magnitude of the change in dB greatest around the blind spot and the nasal area; with the treatment failure subjects included some test locations in the placebo worsened (Fig. 1, right) . Figure 1 shows the mean changes from baseline to month 6 in dB for each treatment group; the group differences in mean change (acetazolamide values minus placebo values) are depicted in Figure 2A with corresponding pointwise P values in Figure 2B . There was an increase in treatment effect with eccentricity zone but this change did not reach statistical significance (Fig. 3) .
The pointwise linear regression analyses showed that, on average, 36 of 52 visual field test locations had improving thresholds (positive slopes) in the study eye. While the PLR slopes improved in the majority of subjects at all locations in both treatment groups (Fig. 4) , there were no significant differences between the treatment groups in the percentage of subjects with a positive slope.
The consensus rating results of visual field change from baseline to 6 months in the study eye are found in Table 2 . When including subjects who met criteria for treatment failure, the percentages (acetazolamide and placebo) were 7.2% and 17.5% worse, 35.1% and 31.7% with no change, and 56.1% and 50.8% improved. The group differences were not statistically significant.
The hemifield abnormality classification frequencies are presented by hemifield and treatment assignment for the study and nonstudy eyes at baseline and 6 months in Supplementary  Tables S2 through S4 . Note the common occurrence of nerve fiber bundle defects. Also, normal hemifields were more common at month 6 (35.8%) than at baseline (11.8%; odds ratio [OR] 4.46, 95% confidence interval [CI] 2.99-6.64, P < 0.0001), more common in the superior hemifield (29.6%) than in the inferior hemifield (18%; OR 2.10, 95% CI 1.57-2.82, P < 0.0001), and less common in the study eye (16.8%) than in the fellow eye (30.8%; OR 0.43, 95% CI 0.32-0.57, P < 0.0001).
Shown in Table 3 are the distributions of the change in MD corresponding to the consensus rating of visual field change in the study eye (treatment failure subjects not included). On FIGURE 4. Percentages of subjects with a positive slope (estimated using PLR) at each test location by treatment group. Results for acetazolamide are shown on the left and those for placebo on the right. Note that the group differences are minor. Treatment failure subjects did not have enough visual field examinations to be included in these analyses. FIGURE 3. Mean threshold changes (dB) from baseline to 6 months within each treatment group by zone; the zones are described in Supplementary Figure S1 . The acetazolamide treatment group is represented by the dashed line and the placebo group is represented by the solid line. Error bars denote one standard error. Zones of increasing eccentricity are shown on the left and the pericecal zone adjacent to the blind spot is shown on the far right.
average there was an approximately 2-dB MD change in the subjects classified as changing in either direction. Readers showed high levels of agreement with respect to hemifield abnormality classification, with the percentages of hemifields on which 2/3 or 3/3 readers agreed on the classification ranging from 84% to 95% (Supplementary Table S5 ).
DISCUSSION
In this more detailed analysis of the visual field data from IIHTT participants, we found pointwise improvement across the visual field in both treatment groups except for the areas of loss in the placebo group (in dB) when the treatment failure subjects were included. In terms of changes in visual sensitivity in dB, improvement was greater with eccentricity, especially nasally in the visual field and adjacent to the blind spot. Analysis of PLR, which did not include the treatment failure subjects (due to an insufficient number of data time points), showed improvement in both treatment groups on average over the 6-month time period in over two-thirds of test locations. The consensus ratings of the three readers also showed that most subjects improved or stayed the same.
In a previous study, it was shown that IIH patients with highly asymmetric papilledema generally have more loss in the eye having the higher papilledema grade. 7 The visual field function of the eye with the lower grade is also abnormal across the visual field when compared to controls. 7 The visual damage in this prior study in both the higher and lower grade eyes included fixation and the magnitude of the loss increased with eccentricity. 7 We have proposed a model of visual loss in IIH based on these findings characterized by a generalized depression of the visual field with increasing loss with eccentricity (Fig. 5) . While nerve fiber bundle-like defects are frequently observed (especially inferior nasal nerve fiber bundle defects), 2, 15, 16 the overall pattern when multiple subjects are averaged is a generalized depression. The results of the IIHTT support this model of visual loss in IIH. Studies have also shown that the amount of visual loss is associated with the severity of papilledema. 6, 7 This relationship suggests that visual loss in IIH occurs due to papilledema and not to a retrolaminar mechanism.
In addition, we found there was significant improvement in dB in test locations adjacent to the physiologic blind spot. With papilledema, there is forward protrusion of the optic nerve head and peripapillary retina into the vitreous. 17 This leads to hyperopic peripapillary retina and a reduction in visual sensitivity (enlargement of the blind spot). Unlike most of the visual loss in IIH that is related to dysfunction or damage to nerve fiber bundles, the hyperopic retina functions well for the most part and the blind spot enlargement found on perimetry can be mostly refracted away using plus lenses. 5 Optical coherence tomography of the IIHTT subjects showed considerable distortion in the peripapillary retina. 17 Since both the acetazolamide and placebo groups experienced reduction in CSF pressure and papilledema over the 6-month period, there was reduction of the blind spot enlargement and improvement in the peripapillary visual sensitivity.
The magnitudes of the pointwise changes we found were modest. This likely related to our entry criteria that required a MD between À2 and À7 dB to be enrolled. 1 Most of the MDs were closer to the À2 dB end of the distribution as the mean MD in each treatment group at study onset was À3.5 dB. Therefore, there was likely a floor effect and little room for many subjects to improve. Although pointwise dB analysis showed there was significantly more visual field improvement in the acetazolamide group than in the placebo group, no significant differences were found with PLR or consensus of clinical readers. Again, this lack of difference likely relates to both groups improving, the lack of a substantial amount of visual loss at baseline and the categorical nature of some of the measures.
In conclusion, both the acetazolamide and placebo groups in the IIHTT demonstrated improvement across the visual field increasing with eccentricity, especially nasally; there was also substantial improvement in the visual field around the blind spot. This supports use of the MD as a useful measure to follow IIH patients over time. Subjects meeting criteria for treatment failure not included. 
